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Stimulation in aquatic animals as related to changes in their chemi- 
cal environment may be due to a direct effect of the stimulating agent 
upon  the receptor surface  (such as a  concentration  of the substance 
at the surface or a chemical combination with some constituent of the 
surface)  or to  an indirect  effect initiated  by a  shift in  the  dynamic 
chemical equilibrium of the environment  of the animal.  Any of the 
effects, whether direct or indirect, may or may not result in qualitative 
or quantitative  changes  in  the  permeability  of the  receptor  surface. 
In every case, however, the first energy change to which the animal 
could respond must occur at the receptor surface and the response may 
therefore be interpreted  as initiated by the redistribution or transfor- 
mation  of  energy  at  the  receptor  surface.  In  whatever  terms  the 
response may be measured, it is assumed that  the magnitude  or the 
rate  of  the  reaction  is  a  function  of the intensity  of stimulation  of 
the  receptor.  By  using  successive  members  of  a  related  series  of 
compounds it should be possible to correlate the effects of the energy 
changes with the chemical nature of the compound used, and in some 
cases at least, to isolate the effect of the dissociable parts of the mole- 
cules concerned. 
The following scheme suggests how stimulation by chemical agents 
may be considered: 
1.  As  correlated  with  the  non-polar  or less  active  portion  of the 
molecule.  For  example, 
(a)  With  the  length  of  the  carbon  chain  in  the  undissociated 
molecules. 
(b)  With the length of the carbon chain in one of the ions resulting 
from dissociation. 
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(c)  With  the length of the carbon chain of both dissociated and 
undissociated molecules. 
2.  As  correlated  with  the  polar  portion  of  the  molecule.  For 
example, 
(d)  With  the  potential  of  a polar  group  of  the  undissociated 
molecule. 
Or 
When the molecule is dissociated. 
(e)  With the potential and kind of anion. 
(f)  With the potential and kind of cation. 
3.  As correlated with both the polar and the non-polar portions of 
the molecule. 
A  study of the normal primary aliphatic  alcohols as  stimulating 
agents in Balanus, Rana, and Planaria indicated that stimulation by 
those alcohols is correlated with the non-polar portion of the molecule 
(Cole and Allison, 1930).  Subsequent experiments showed the same 
relationship  for the alcohols in Sagartia  (Cole,  1930),  Paramecium, 
and Schilbeodes, 1  but for the fatty acids an additional effect was evident 
in Sagartia  and Balanus.  Before investigating the effects of the fatty 
acids thoroughly, it was deemed advisable to  study the r61e of the 
hydrogen ion alone in a fresh water medium where the ionic conditions 
are much simpler than in sea water.  Accordingly experiments have 
been done with hydrochloric acid on the solitary catfish, or mad-tom, 
Schilbeodes gyrinus MitchiU. 
Methods 
This animal is especially suitable for studies on chemical stimulation 
because it is not easily aroused by light or mechanical vibration, and 
because it remains quiescent for hours, unless stimulated, even when 
used singly.  In the latter respect it differs markedly from the gregari- 
ous Amiurus nebulosus,  which swims incessantly when alone (Parker 
and Van Heusen, 1917). 
The animal was held in a constant position in a rectangular celluloid dish, 70 
ram. long by 55 deep by 20 ram. wide, with a capacity of 35 cc.  Tap water or 
1 Unpublished results obtained by Mr. S. J. Mason on Paramecium and by W. 
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the experimental solution entered the dish at the bottom near one end and flowed 
out at the top of the other end, after passing through Pyrex coils 4 meters long 
immersed in a water bath at a temperature of 18.0 ±  0.1°C.  The flow was always 
in the antero-posterior direction in reference to the fish  and was held constant 
within 5 per cent at 100 cc. per minute.  The content of the dish was therefore 
completely changed every 21  seconds.  Since  the head of the fish was within 5 
mm. of the inlet, the experimental solution came in contact with the head almost 
immediately following its entrance.  The reaction of the fish consisted of a sudden 
twitching of the whole body.  Actual swimming movements were impossible due 
to the confining wails of the dish and to a horizontal copper screen just above the 
animal.  Immediately following the response the solution was turned off and the 
fish thoroughly rinsed by allowing tap water to flow through the dish for at least 
30 seconds at 250 cc. per minute.  The rate of flow was then reduced to 100 cc. 
and the fish allowed 20 minutes for recovery..  The reaction time was measured 
by a stop watch to 0.1  second.  Under these conditions recovery was complete 
as shown by reproducible results.  The hydrochloric acid solutions in tap water 
were made up fresh for each day's experiments and the hydrogen ion concentra- 
tions, which varied from pH =  1.82 to 6.83, were measured with the quinhydrone 
electrode.  The pH of the tap water used for these experiments was 8.5 -4- 0.5. 
RESULTS  AND  DISCUSSION 
From  the  several  different  individuals  tested  similar  qualitative 
data  were  obtained.  For  each  fish  the  reaction  time  decreased  as 
the hydrogen ion concentration increased from near neutrality to the 
point where toxic effects began to appear (at pH  =  1.8).  Due to the 
evident  change in threshold  from day to  day the reaction times of a 
single fish varied considerably.  Enough tests were made, however, on 
different fish to  demonstrate  clearly that  the  rate  of stimulation  in- 
creases  with  the  hydrogen  ion  concentration  between  the  limits 
stated.  In Table I  and Fig.  1  the data from a  single individual  col- 
lected  over  a  period  of  3  weeks  are  presented.  The  relationship 
between the two variables is not like the one reported for the forward 
movement of Paramecium (Chase and Glaser, 1929-30), which decreases 
in rate as [H  +] increases.  A comparable result, however, is the absence 
of  stimulation  both  in  Paramecium  and  Schilbeodes  at  or  near  the 
hydrogen ion concentration of the normal medium of the animal.  For 
the catfish there is an abrupt decrease in the rate of stimulation to zero 
at about pH  =  7.0.  Similarly adaptation of the catfish to new hydro- 
gen ion concentrations occurs over a period of several hours within the 
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in Paramecium and Schilbeodes are unknown, it is unwise to speculate 
as to  the exact nature of the chemical processes which initiate  the 
stimulation.  Our  results  are  quite  similar  to  those  reported  by 
Crozier  for  the  earthworm  (Crozier,  1917-18).  Although  a  much 
wider range of [H  +] was used with the catfish, the same sort of curve 
appears if reaction time is plotted against hydrogen ion concentration. 
It is apparent that the catfish is very much more sensitive to changes 
TABLE  I 
Reaction times of Schilbeodes to different concentrations of hydrochloric acid. 
Animal No. 3. Temp.  =  18.0.4- 0A°C.  Number of reactions, at  each pH,  5  or 
more. 
pH 
1.82 
1.90 
2.08 
2.71 
3.27 
3.71 
4.75 
5.38 
5.77 
6.15 
6.23 
6.66 
6.82 
6.83 
Mean reaction time 
4.84 
4.68 
4.80 
5.48 
6.22 
5.97 
6.90 
6.76 
6.96 
7.32 
7.25 
8.00 
7.56 
8.26 
Rate of stimulation 
100 
reaction time 
20.66 
21.36 
20.83 
18.24 
16.07 
16.75 
14.49 
14.79 
14.36 
13.66 
13.79 
12.50 
13.22 
12.10 
in [H +] from the normal, since pH  =  6.8 is stimulating while for the 
earthworm a pH of about 2.0 was necessary under the conditions used. 
In both cases the primary stimulating agent is the hydrogen ion. 
Sodium  chloride  solutions  of  equivalent  concentrations  were  not 
stimulating to the catfish, thus demonstrating the inefficiency of the 
sodium ion and the chlorine ion as stimulating agents at those concen- 
trations.  It is  apparent  therefore that  stimulation by hydrochloric 
acid is correlated with the potential of the cation resulting from the 
dissociation  of the hydrochloric acid molecule, the anion  being  in- WILLIAM  H.  COLE  AND  JAMES  B.  ALLISON  123 
effective.  Since this is true, it is  expected that any acid which re- 
leases  hydrogen ions  in  sufficient concentration will  owe  its  effect 
partly, if not wholly, to those ions.  In the case of the fatty acids, 
then, even though the relative degree of dissociation is low, an increase 
in the hydrogen ion concentration of the medium beyond a limiting 
~2 
2c~ 
olE 
0 
)< 
o 
,',"16 
I  I  I  I 
©/ 
,8 
I~0 
/ 
J 
01 
.o."  o 
/ 
/ 
O/  / 
/  0 
I 
I 
I 
I 
I 
9 I 
ol 
I  o 
I 
I  I  I  I  I 
20  6.0  50  4.0  3.0  ,~.0 
(  ,0o  s)  FIG. ,.  Plot of the rate of stimulation  = reaction time  in second  of the  eat- 
fish, Sckilbeodes, by hydrochloric acid at different hydrogen ion concentrations. 
Temp.  =  ,8.0 4- 0.,°C.  Animal  No. 3. 
value would result in stimulation even though the concentration of the 
acid may not be  sufficiently high to produce an  effect  through the 
activity of  the  non-polar  portion  of  the  molecule  or  through  any 
of  the  other  forces  previously mentioned.  Under  such  conditions 
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of the series to be related to the concentration of hydrogen ions pro- 
duced by them.  As the length of the carbon chain increases the non- 
polar portion of the molecule might begin to play a  stimulatory r61e 
and with the higher members of the series it might predominate.  The 
experiments of Crozier  (1917-18)  and  some of our own  (as  yet  un- 
published)  support  this.  To  analyze forces such  as produced by a 
carbon chain, it is desirable to adjust the hydrogen ion to some con- 
centration  which  will  not  stimulate  the  animal.  Experiments  are 
in progress to test these possibilities. 
S~ARY 
1.  The reaction of the catfish, Schilbeodes gyrinus Mitchill, to hydro- 
chloric acid over a  wide range of concentrations (from pH 1.82 to pH 
6.83)  has been studied under experimental conditions  which reduced 
to a  minimum all other  stimuli. 
2.  As the [H  +] increases within the limits  mentioned, the  reaction 
time of the fish decreases.  In other words, the rate of the stimulation 
processes is an increasing function of the hydrogen ion concentration. 
3.  The effective stimulus is the hydrogen ion, since NaCI solutions 
of equivalent concentration were not stimulating. 
4.  Stimulation by hydrochloric acid is therefore correlated with the 
potential of the cation resulting from dissociation of the acid molecule. 
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